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2. 对 CCK 信道编解码技术进行了理论分析和仿真研究。结果表明：当信噪
比大于 8dB 时，CCK 编码与卷积码相比可获得大于 1dB 的增益，且处理复杂度
低。在此基础上，提出了 CCK-SCFDE 高速相干水声通信技术； 
3. 对 CCK-SCFDE 高速相干水声通信技术中的频域均衡技术，包括：频域线
性均衡算法、重叠数据块均衡算法、频域 LMS 均衡算法、时频混合 DFE 均衡算
法进行了理论分析和性能仿真研究。结果表明：与其它三种频域均衡算法相比，
时频混合 DFE 均衡算法的性能更优。特别是当信道恶劣时，时频混合 DFE 均衡
算法的优势更明显； 
4. 对低信噪比下鲁棒的信道估计技术进行了研究。首先，对 UW 序列和 gold
序列作为信道估计序列的性能进行了仿真比较研究。结果表明：低信噪比下，gold
序列性能较优。接下来，基于水声信道的稀疏特点和 SC-FDE 信道矩阵的循环性，
提出了一种 DAMP 稀疏信道估计算法。仿真结果表明：低信噪比下，DAMP 算
法性能优于 LS 算法； 
5. 对本文提出的算法进行了水池实验验证。结果表明：在传统 LS 信道估计
和频域线性均衡误码率为 10-1 时，采用提出的 DAMP 信道估计技术和时频混合
















数据率为 4kbit/s 时，在传统 LS 信道估计和频域线性均衡误码率为 10-1 时，采用
提出的 DAMP 信道估计技术和时频混合 DFE 均衡技术误码率在 10-3-10-2 之间；  























With the deepening of ocean utilization and development, the underwater 
acoustic communication technologies play an increasingly important role in the 
development of marine economy and national defense construction. But underwater 
acoustic channel is an extremely complex random channel, its time and space are 
variable, it has long multipath time delay, complex multipath structure and serious 
Doppler effect.So it has been a research hotspot to achieve reliable remote high speed 
underwater acoustic communication.There is a sequence of key technologies to be 
solved. Based on the characteristics of remote high-speed coherent underwater 
acoustic communication, the paper studys CCK (channel coder and decoder),sparse 
underwater acoustic channel estimation technology and frequency domain 
equalization technology to improve the robustness of coherent underwater acoustic 
communication.Based on this, CCK-SCFDE remote high-speed coherent underwater 
acoustic communication technology is proposed. The main contents and research 
results are summarized as follows. 
1. The characteristics of sea underwater acoustic channel are studied.The 
characteristics include sea ambient noise, transmission loss, multipath and Doppler 
effect. The channel model used in the text is proposed based this. 
2. The CCK channel coding and decoding technology has been carried on 
theoretical analysis and simulation study. The results show that CCK can obtain 1dB 
performance gain compared with convolution code when the signal to noise ratio 
greater than 8 dB, and its processing complexity is low. Based this, a CCK-SCFDE 
high-speed coherent underwater acoustic communication technology is proposed. 
3. The frequency domain equalization technology for CCK-SCFDE high-speed 
coherent underwater acoustic communication technology is researched. The frequency 
domain equalization algorithms include frequency linear equalization algorithm, 
overlapping date block equalization algorithm, frequency domain LMS algorithm and 
time-frequency hybrid DFE algorithm.The simution results show that  
time-frequency hybrid DFE algorithm is best than other algorithms.Expecially when 
channel is bad and other algorithms can’t work, using time-frequency hybrid DFE 















4. Robust channel estimation technology in low signal-to-noise ratio(SNR) is 
researched. First, we study the performance of UW sequence and gold sequence as 
channel estimation sequence. The simulation results show that gold is better than UW 
in low SNR. Then we present a sparse channel estimation algorithm (DAMP) in view 
of sparse characteristics of underwater acoustic channel and circularity of SC-FDE 
channel matrix. The simulation results show that the DAMP algorithm is better than 
the LS algorithm in low SNR. 
5. We complete water pool experiments about proposed algorithms in the paper. 
The results show that combining DAMP algorithm with time-frequency hybrid DFE 
algorithm can obtain a low error rate at 10-2, but traditional LS estimation and 
frequency linear domain equalization technology can’t work, the error bit is 10-1. The 
research results are verified preliminarily. 
6. We complete sea experiments about proposed algorithms in the paper. The 
results show that combining DAMP algorithm with time-frequency hybrid DFE 
algorithm can obtain a low error rate between 10-3 and 10-2 when communication 
distance is 10km and date rate is 4kbit/s, but traditional LS estimation and frequency 
linear domain equalization technology can’t work, the error bit is 10-1.  
7. Based on the results of Matlab simulation and ocean/pool experiments, we 
chose DAMP algorithm as channel estimation algorithm, and time-frequency hybrid 
DFE algorithm as frequency domain equalization algorithm, a CCK-SCFDE remote 
high-speed coherent underwater acoustic communication system is built. 
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